Abstract Objective The purpose of this study was to assess the accuracy of BMI categories based on selfreported height and weight in adult women. Methods BMI categories from self-reported responses were compared to categories measured during physical examination from women, age 18 or older, who participated in the National Health and Examination Survey, 1999Survey, -2004. We first examined strength of agreement using Cohen's kappa, which, unlike sensitivity and specificity, allows for the comparison of polychotomous measures beyond chance agreement. Kappa regression identifies potential threats to accuracy. Likelihood of bias, as measured by underreporting, was examined using logistic regression. Results Cohen's kappa estimates were 0.443 for pregnant women (N = 724) and 0.705 for non-pregnant women (N = 5,910). Kappa varied by age and race, but was largely unrelated to socioeconomic status, health and health behaviors. Women who visited a physician in the last year or been diagnosed with osteoporosis were more accurate, while women most likely to under-report were older, white, non-Hispanic, and college-educated. Conclusions Our results suggest substantial agreement between self-reported and measured categories, except for women who are pregnant, above the age of 75 or without physician visits.
Obesity is a major public health epidemic and is an important risk factor contributing to morbidity and mortality from diseases such as heart disease, diabetes and cancer [1] . One of the challenges facing epidemiologists studying trends in the obesity epidemic is tracking changes over time. Both epidemiologists and clinicians often rely on self-reported height and weight, which are then used to calculate body mass index (BMI). Many studies have examined the accuracy of self-reported height, weight and BMI in a variety of cohorts [2] [3] [4] [5] [6] . Review of the literature indicates high correlations between self-reported and measured height and weight. However, studies suggest that accuracy may vary significantly according to age, gender, and socioeconomic status (SES) [2] .
Fewer studies have examined the accuracy of selfreported height and weight when they are used to determine BMI categories [7] [8] [9] [10] ; yet, BMI categories are routinely used in studies of health outcomes [3] . Many of these studies showed significant differences in allocation to BMI categories based on self-reported versus measured height and weight, thus biasing relative risks of diseases associated with increasing BMI [3] [4] [5] [6] [7] [8] .
In women, bias in self-reported height and weight may occur due to social desirability, cultural or demographic characteristics or health characteristics (such as pregnancy or osteoporosis) [9] . In general, women tend to underreport weight more than men [2] , while men tend to overreport height more than women [6] . It is important to examine the potential threats to accuracy particular to women since under-or over-reporting may affect the prevalence and categorization of BMI differently among women than among men. Understanding of sources of bias among women is important in planning and interpreting epidemiological studies based on self-reported height and weight. Mis-reporting could potentially reduce the utility of self-report upon which many women's health studies rely.
The primary aim of this study was to examine the strength of agreement between measured BMI categories and BMI categories based on self-reported heights and weights among women. Secondly, we examined potential biases among women who had discordant responses. For these purposes, we utilized self-reported and measured heights and weights in women from the 1999-2004 National Health and Nutrition Examination Survey (NHANES), a nationally representative sample of US adults.
Methods
National Health and Examination Survey, 1999 Survey, -2004 Beginning in the 1960s, NHANES collected interview and physical examination data to assess the health and nutritional status of adults and children in the United States. In 1999, NHANES began to continuously survey a nationally representative sample of about 5,000 persons each year, and over the subsequent 5 years, 1999-2004 , NHANES collected data on 31,123 subjects, including 8,970 women, age 18 or older. These participants were asked to selfreport their height and weight along with a series of demographic, SES, health and health care questions (See Tables 1 and 2 ). On the same day as the survey, height and weight were subsequently measured using balance beam scales and a calibrated stadiometer as part of a standardized physician examination administered by the highly trained medical personnel in the Mobile Examination Center. The methods and study design for the program have been previously described [10] .
The sample selection criteria includes women, age 18 or older, who provided complete interview responses, namely: self-reported height and weight, race, education, annual household income, marital status, number of live births, pregnancy, smoking history, health status on a five point scale, whether they have ever been diagnosed with osteoporosis, whether they have health insurance, and whether they visited their physician in the last 12 months. After exclusion of participants with missing anthropometric measurements, possibly due to amputations or weight above the limits of the scale, 200 kg, the sample size was reduced by 10.6% or 954 respondents. Missing interview responses further reduced the sample size by 17.2% or 1,382 respondents, resulting in an analytical file of 6,634 non-pregnant and pregnant women (See Table 1 ).
Given that pregnancy has an impact on body weight and may impact self-perception of body weight, we conducted a separate descriptive analysis of the pregnant subsample. Based on self-report and urine test results, 10.9% or 724 respondents were identified as pregnant at time of the NHANES interview. Further analyses were conducted using the subsample of 5,910 non-pregnant respondents. Over the 5-year period, 1999-2004, NHANES oversampled low-income individuals, adolescents 12-19 years of age, individuals 60 years of age and older, African Americans, and Mexican Americans. The regression models include binary variables for these groups to address this over-sampling. Sampling weights were not applied because they were not constructed for the examination of non-pregnant women. We further recognize that the estimates are only generalizable to United States populations, from 1999 through 2004, with characteristics similar to those described in Table 2 .
BMI Categories
Self-reported measurements of weight and height were collected in pounds, feet and inches, and were converted to kilograms and meters for the calculation of BMI, which is the ratio of weight in kilograms over height in meters squared (kg/m 2 ). We used pre-specified cutpoints of 18.5, 25, 30 and 40 kg/m 2 to divide respondents into BMI categories: underweight, normal, overweight, obese, and morbidly obese [11] (Table 2) .
Statistical Analysis
Accuracy of a proxy measure may be assessed by its correspondence to a gold standard (e.g., probability of agreement) and the extent of bias in absence of agreement (e.g., likelihood of under-reporting relative to overreporting). Optimally, BMI categories are based on height and weight measured through physical examination (e.g., balance beam scales and calibrated stadiometer by trained personnel), where agreement is defined as the equivalence between this gold standard and a proxy categorization using self-reported height and weight.
The interpretation of agreement between a gold standard and proxy measures depends on the likelihood of agreement at random. For example, if two thirds of an anorexic population is underweight and 75% randomly self-report underweight, then by randomness alone, half (66% 9 75%) should agree as underweight and a twelfth should agree (33% 9 25%) as not underweight; therefore the probability of agreement at random is 58.3% (66% 9 75% + 33% 9 25%) without any association between the proxy and gold standard measure. Formally, the probability of agreement at random over K categories is:
Probability of Agreement at Random
Cohen's kappa is the probability of agreement adjusted for the probability of agreement at random, and this adjusted probability will be referred to as kappa for the remained of the manuscript.
If kappa equals one, the proxy and the gold standard are in perfect agreement. If the proxy and the gold standard are positively associated, kappa is positive. In rare cases, the proxy is negatively associated with the gold standard and kappa is less than zero. As reference, Landis and Koch put forth the labels for the strength of agreement based on kappa: Poor (\0.00), Slight (0.00-0.20), Fair (0.21-0.40), Moderate (0.41-0.60), Substantial (0.61-0.80) and almost Perfect (0.81-1.00) [12] . Kappa Regression
In addition to adjusting for random agreement, kappa has been expanded to assess the association between strength of agreement and respondent characteristics. Lipsitz et al. developed a practical linear regression approach for kappa [13] . Using their regression techniques, we examined potential threats to accuracy related to demographic, SES, health and behavior characteristics, in terms of differences in strength of agreement and bias. While some findings, such as those relating to SES, may be generalizable to men, our study exposes which subpopulations of women are most likely to exhibit inaccuracies in self-reporting. The kappa regression procedure requires the estimation of individual-specific probabilities of agreement at random (see Eq. 1). Using multinomial logistic regression models, we predicted the probability of each BMI category (i.e., Pr(category = k|X)) and the probability of each selfreported BMI category (i.e., Pr(proxy = k|X)) (see Eq. 1), where the independent variables (X) are the characteristics that may influence the strength of agreement (Table 1) . These two sets of predicted probabilities, one for the measured categories and another for the self-reported categories, are multiplied and aggregated for each respondent to compute the respondent-specific adjustment term, the probability of agreement at random. As shown in Eq. 2, the dependent variable of a kappa regression is the binary variable for agreement adjusted by the predicted probability of agreement at random.
The linear regression was estimated using ordinary least squares. Because of the dependence on auxiliary multinomial logistic regressions, estimated for the prediction of the adjustment term, the standard errors and P-values produced by ordinary least squares were underestimated. Instead of deriving a maximum likelihood approach that incorporates the linear and two logistic components, we bootstrap the coefficients, re-sampling the analytical sample 1,000 times and applying the percentile approach for the P-values [14, 15] . Table 3 describes the changes in the kappa score associated with the respondent characteristics variables and the statistical significance of these changes based on the bootstrap results.
In addition to assessing agreement, we assess potential threats to accuracy, specifically, what are the odds of under-reporting among women relative to the risk of overreporting? If this odds ratio is one, increased frequency of discordant respondents will not introduce bias. To estimate the ratio odds of under-reporting, we removed the respondents whose self-reported BMI categories agreed with the measured categories (N = 4,670) . By construction, concordant responses do not introduce bias. Furthermore, we removed discordant respondents who were underweight (N = 54) or morbidly obese (N = 129), because their discordant responses are unidirectional by construction. For the remaining discordant respondents (N = 1,057), they may over-or under-report their category. The ratio odds of under-reporting versus overreporting, shown in Table 4 , were estimated by binomial logistic regression. We further describe the probability of under-reporting (or one minus the probability of overreporting) in the text to facilitate discussion. In both the logistic and kappa regression models, the null case represents a white, non-Hispanic woman, age 26 to 35, who is a single, insured, high school graduate with more than $20,000 in annual household income. Furthermore, this person never smoked, never experienced a live birth, is in very good health, is not pregnant, and has visited her physician at least once in the last 12 months. This case was selected based on median or modal values of the variables (Table 1) .
Database management was conducted using SAS 9.1 and the resulting analytical samples were examined using STATA MP 9.2. The study was reviewed and approved by the University of Wisconsin Institutional Review Board, which considered the study exempt due to its use of publicly available data sets (45 CFR 46.101(b) (4)).
Results

Descriptive Data
In this study, 5,910 non-pregnant women were included in the sample and Table 1 illustrates the characteristics of the sample. The majority of respondents (90%) report at least one physician visit in the last 12 months, which suggests some previous clinical measurement of height and weight within the year. Table 2 illustrates the frequency of selfreported BMI vs. measured BMI categories. Self-reported categories are equivalent to measured categories for 79% of non-pregnant women, with 21% of non-pregnant women being placed in the wrong BMI category when BMI category is based on self reported height and weight. For comparison, only 60% of the pregnant women had categorical agreement. After adjusting for random agreement, the kappa estimates are 0.705 (SE 0.008) for non-pregnant women and 0.443 (SE 0.022) for pregnant women. Based on conventional standards, we find substantial agreement among non-pregnant women, and moderate agreement among pregnant women for the overall sample.
Strength of Agreement
The strength of agreement between self-reported and measured BMI categories varied significantly according to age and race (Table 3) . Agreement was greatest among white, non-Hispanic women, age 26-35, and decreased significantly among racial minorities and women older than 66 years of age. In terms of clinical significance, agreement was moderate or better across demographic subpopulations. SES, as categorized based on education and income, was unrelated to strength of agreement. Pregnancy significantly decreased the strength of agreement. Among the behavioral and health characteristics, only the self-reported diagnosis of osteoporosis had a statistically significant effect on accuracy (Table 3 ). The finding that maternity, smoking history, and poor health were unrelated to the accuracy of self-reported categories is also noteworthy.
Access to health care through marriage, insurance and annual visits was largely unrelated to agreement. Respondents who had a physician visit in the last 12 months (i.e., access to clinical measurement) had stronger agreement than respondents who had not. However, the absence of an annual visit decreased kappa by only 0.085.
Likelihood of Under-Reporting
To characterize bias, we examined the sample of discordant responses from non-pregnant women who were either normal weight, overweight, or obese (N = 1,057). Overall, 76.5% of this sub-sample under-report their weight, which is lower than the 92.6% under-reporting found among pregnant women. Optimally, these probabilities would be 50%. Based on this evidence, pregnant women are 21% (0.927/0.765) more likely to under-report their weight, which suggests that the self-reported BMI category is less accurate, in terms of agreement and bias, for pregnant women compared to non-pregnant women. Table 4 shows the odds of under-reporting among discordant responders based on logistic regression. The probability of under-reporting among discordant nonpregnant women (i.e., odds/1 + odds) varied by age and race (Table 4) . After adjusting for demographic, health, and SES characteristics, the probability of under-reporting by race and ethnicity indicator was 76% for white, nonHispanic women, 63% for black women, 67% for Hispanic women, and 58% for other minorities. These probabilities are significantly different from 50% for white and Hispanic women; therefore white and Hispanic women are more likely to under-report than over-report. Under-reporting was also found across all age groups, particularly women, age 46-55. Demographically speaking, bias appears greatest among older white, non-Hispanic women.
Bias was also found to vary across SES categories based on education and income. Compared to discordant women with median SES and lower SES (No High School Diploma & Income under $20,000), discordant women with some higher education are more likely to under-report their obesity (OR 2.03-5.12, P \ 0.0001) ( Table 4 ). Access to health care through marriage, insurance and annual visit was statistically unrelated to bias among discordant women.
Discussion
Based on our study of women in NHANES, BMI categories based on self-reported height and weight had substantial agreement with measured categories among non-pregnant women. Agreement between BMI category based on self-reported and measured height and weight was significantly related to age and race, with less agreement found for older, black and Hispanic women. Strength of agreement was unrelated to SES, access to care or health status. However, pregnancy significantly decreased strength of agreement.
In the subset of women with discordant responses, the majority under-reported their obesity category. In particular, we found an under-reporting bias among white, non-Hispanic women with some college education. Thus, concerns, in terms of accuracy, would be greatest for studies that rely on self-reported categories for women with these characteristics. However, even in this worst case scenario, BMI categories based on self-reported height and weight still demonstrate moderate agreement with measured categories.
Behavioral and health characteristics were largely unrelated to the accuracy of BMI categories based on selfreported height and weight, except to mention that women who annually visit a physician or are diagnosed with osteoporosis were more accurate in their reporting. A surprising finding was that the diagnosis of osteoporosis, a condition associated with a loss in height, improved agreement among older women. Women, age 56-65 years and diagnosed with osteoporosis, may more accurately report their BMI category due to access to a physician, due to better self monitoring of physiological changes, or due to greater awareness of a potentially latent conditions.
Our findings suggest that self-reported and measured BMI categories among pregnant women are in moderate agreement, and discordant responders largely under-report their category. The possibility that pregnant women can accurately assess their weight seems highly unlikely based on this evidence, and we suggest caution in the interpretation of such data. Further studies are warranted to address issues concerning recall bias and gestational development.
Our results were similar to many studies which found that women are more likely to under-report weight [6, 8, [16] [17] [18] . Similar to Nyholm, we found that age is related to bias in self-reported BMI [9] . However, because we examined BMI categories, not BMI in its continuous form, we were able to examine the extent to which this bias might threaten categorical agreement. We found that while differences between self-reported and clinically measured values are statistically significant, varying by age and race, self-reported BMI categories show substantial agreement with clinical measures across all age and race subgroups.
In addition to evidence supporting the use of selfreported BMI categories, the results contribute to our understanding of clinical effects. Our results suggest that a diagnosis of osteoporosis increases the accuracy of selfreported BMI categories, particularly in women age 55-76 and presumably because these women are more aware of their true height. It is interesting that women with previous diagnoses of osteoporosis are more likely to report accurately as many geriatric studies have found self-reports to be less reliable in older women. Wada and colleagues found no significant differences in measured versus selfreported BMI in males or females with hypertension or hyperlipidemia, but did find a significant difference in diabetics, who more accurately self-reported BMI [19] .
Prior to our study, no study has examined the agreement between self-reported and measured BMI categories beyond the probability of agreement at random (i.e., Cohen's kappa). Brunner Huber found that self-reported height and weight measures classified 84% of women of reproductive age into appropriate BMI categories [7] . While this article reports percentage agreement, it excluded a measure of agreement adjusted for agreement at random (i.e., Cohen's kappa) from the analysis. Still, Cohen's kappa (0.77) can be computed using the data found in Table 6 of the article. Some studies have simplified the five BMI categories into a binary variable (e.g., obese and nonobese) and examined sensitivity and specificity. This simplification may facilitate explanation, because it describes the probability that an obese patient will be categorized as obese based on self-reported weight and height (truepositive rate). However, it loses descriptive power by equating underweight, normal and overweight individuals as well as equating obese and morbidly obese individuals. Furthermore, using sensitivity and specificity does not account for agreement at random. In the previous example of an anorexic population, kappa would be zero, but sensitivity of underweight (i.e., probability of agreement conditional on underweight) would be 75%, which may be erroneously interpreted as a strong association.
A key limitation of the study is that NHANES participants may have known they were going to be weighed when they consented for the study, which may have decreased tendencies to under-report weight. Any comparison of selfreported and clinically reported height and weight requires consent; therefore, this would be susceptible to experimental influences in addition to social desirability bias.
Conclusions
Our results suggest substantial agreement between selfreported and measured categories, except for women who are pregnant, who have not seen a physician in the last year or are above age 75. The use of self-reported height and weight, recoded as BMI categories to evaluate obesity, can be affected by misclassification and may lead to underestimation of the prevalence of the overweight and obese in certain populations. Such bias may be greater in studies that examine well-educated or largely white populations compared to studies that examine minority obesity. This is important in light of increasing obesity trends in the US and the ongoing need for obesity surveillance and treatment.
